ABSTRACT: The paper analyses the situation of teaching materials in technical schools in Romania via a marketing research that takes into account stakeholders, the microenvironment, as well as the macroenvironment. The research has shed light on a number of problems that require a new approach to the design of educational tools. The paper proposes that this design of educational tools be performed through the product lifecycle management (PLM) perspective. All phases of the design and lifecycle of such products are analysed, and concrete solutions for realising each of these phases are proposed. Finally, some examples of educational products are presented, which have the purpose of aiding the teaching of technical drawing, and which have been devised using this very methodology.
INTRODUCTION
The major transformations occurring within society are also mirrored in education. Scientific breakthroughs and new technologies get to be made available at an increased rate. This also means that the work force is required to adapt to new expectations and be qualified to use new technology at a similarly accelerated pace. On the other hand, students are increasingly reluctant towards traditional teaching methods, as for instance can be seen in the diminishing in the number of books read by students. Educational systems are now required to adapt rapidly to face these increasing pressures. One solution in this situation is the use of more suggestive and attractive educational materials.
The teaching equipment can be classified into two categories: the tangible products (tools, devices, machines, etc.) and intangible ones (software, virtual products). They have to be selected on the basis of psychological and pedagogical criteria in order to achieve educational goals.
Teaching equipment and curriculum must evolve with technology, so that the students know the new trends in the field and, at the moment of graduation to easily integrate on the labour market.
The current paper endeavours to analyse the current situation of teaching equipment in technical education in Romania and to propose a methodology for designing them, based on modern concepts.
TEACHING EQUIPMENT USED IN TECHNOLOGICAL EDUCATION
In technological high schools from Romania a wide range of teaching resources are used; in this case we refer specifically to the technical equipment used in the mechanical educational modules. These materials can be either built by specialized companies, by teachers or by students [4] .
The most common equipment used in classes that specialize in mechanics is aimed towards the acquisition of technical drawing skills, and the ability to use measuring instruments, laboratory instruments, machines, devices, as well as other technical equipment and software.
Study on how users perceive the teaching equipment
A marketing research was performed at first. This research shed some light on the importance of proper teaching materials, but also on numerous pitfalls concerning the construction, functioning and management of these materials.
The research was performed at the ,,Grupul Şcolar Brătianu" and encompassed on the one hand 50 teachers with various didactical degrees (from beginner to 1st degree teacher) and a sample of 648 students from Drăgășani on the other hand. A questionnaire was devised so as to study the opinion of both teachers and students with respect to the use of teaching materials as well as their influence to the development of the pupils' technical ability and competence. [5] The objectives of this research were:
• to find all types of educational materials in use in school education;
• their level of use in teaching;
• their influence on teaching (how well they aid the students' understanding);
• to what extent students manage to use the aforementioned technical equipment as instructed by the teacher during laboratory classes;
• their contribution to the acquisition of technical competences.
The research led to the following conclusions:
The technical are mainly obsolete, they fail to completely and correctly represent the studied phenomenon, and there is no management and maintenance system for them. Furthermore, many theoretical aspects are taught without supplying proper practical insights.
The most widespread teaching equipment is the blackboard and chalk, followed by overhead projectors, computer projectors and computers. Technical equipment and functional models are moderately used. Educational software and functional models are seldom used.
Apart from the main results, the research also led to a number of additional observations:
• In order for teaching materials to be effective in teaching, the teacher also needs to have a good overall knowledge and understanding of what is being taught and how this happens. A good connection between the taught items and the materials explaining them is of great importance;
• Teaching technical subjects requires a complex infrastructure and adequate working space (mainly laboratories and workshops), all correlated to the school curriculum;
• Laboratory activities require additional effort on behalf of the teacher, as the technical equipment needs preparation;
• The investment, the functioning and maintenance costs associated to technical equipment are large and therefore it is important for institutions to find solutions that are efficient, effective and original;
• The structure and use of the education equipment have to be comprehensible to the students and accessible to their possibilities.
DESIGNING EDUCATIONAL MATERIALS THRROUGH PLM
A viable approach to managing educational materials is from the perspective of product lifecycle management (PLM).
Product lifecycle management (PLM) is the management process of all phases in the existence of an item, from concept, design and manufacturing to its time in service and ultimately to its elimination from the market and return to the environment. PLM is a coherent ensemble of solutions aimed at managing, broadcasting and using the information defining the product and its necessary resources [1] , [2] .
The phases and characteristics of product lifecycle management for educational materials are presented in figure  1 .
The requirements analysis is an important part of our study. For this, the educational process has to be taken into account together with all its influencing factors, i.e. the stakeholders, the microenvironment and the macro environment ( fig.2 ). The characteristics of the product have to be based on user demand and are obtained by applying such methods as the Function Analysis method (FA) and the Quality function deployment method (QFD).
The macro environment encompasses the following components: the social-demographic environment, the cultural environment, the technological environment, the politicallegislative environment, the natural environment and the competition environment. It influences the educational process and therefore also the construction of educational tools.
There are a number of aspects that are influenced by the macro environment, such as the teaching style, the student's perception, the level of preparation of the student, associated costs, etc. They themselves leave an important fingerprint on the overall concept of educational tools.
After identifying the necessities, the construction of a hierarchy for them follows. By using creative methods technical solutions can be found for the implementation of these tools. The optimal solution is identified, modelled, verified and lastly, its function is simulated. Optionally some prototyping may be performed, after which the manufacturing technology has to be designed.
It should be noted that designing an optimal solution must necessarily take into account the given necessities and the functions associated with all the other phases of the product's lifecycle (manufacturing, sales, exploitation, maintenance and recycling). The product will eventually come into all of these phases of its lifecycle. The needs of the users of teaching tools are influenced by the external factors with which the school interacts. Knowing them is a prerequisite to making these tools to be effective. These factors are the demographical structure of the students and their evolution correlated with sex, age, ethnicity and family education. It is also important to note that the student's perception bears a strong influence of family, cultural, religious and educational needs, and this perception must also be modelled.
Users demands (needs)
Demographically
The cultural level has also been on the decrease, as students read less and are more attracted to the interactive environments. The technological level of the world is continuously rising and also new educational methods emerge, such as E-learning.
Environmental issues require that new approaches to building educational tools also gain an ecological dimension and use non-polluting sources.
The national laws concerning education are unfortunately continuously changing, which hinders the teaching activities.
Researches about human perception [6] show that the perception of people via the senses is distributed as follows:
eyesight 83%, hearing 12%, smell 2.5%, touch 1.5%, and taste 1%. This implies that the efficiency of teaching has the potential to become a lot more effective as soon as different types of media are combined, especially visual and audio materials.
When asked what you find important to teaching equipment, students felt that simulation of the phenomenon is very important 42% (12% appearance, 21% availability, displaying results 18%).
Regarding the posting of results, they find the educational equipment with digital display 84% (analogical 12%, with graded scale 4%) to be the most attractive.
Colours that influence them positively were classified in the order of preference as follows: green, white, orange, yellow, purple, blue and red.
When it comes to capturing their attention, most stated that they preferred simulation processes on machines (44%), while others opted for educational equipment and information resources (31%), in the detriment of functional models.
Regarding the use of teaching equipment, most students preferred multidisciplinary tools (71%). The research carried out revealed the following functions of the teaching equipment to be equally important from the students' point of view: Simulation of phenomena and processes; Easy to be used, Automation; Ergonomics (microclimate conditions, positioning, posture of the user); Reuse at several disciplines; Display of the results; Weight; Colour components; Material; Noise level during operation; Environmental impact. From school point of view maintainability and cost are also important. The functions that an educational tool needs to possess, as shown by the marketing study is synthesised in figure 3 .
For the ranking of perception criteria, which help in determining the functions of the teaching methods, an advanced multi-criterion analysis was performed.
Marks were awarded for each analysed criterion. Weighting coefficients were calculated from Frisco expression and a criterion ranking matrix was developed [3] .
The study revealed the top most important criteria: Simulation of phenomena and processes; Display of the results; Ergonomics (microclimate conditions, positioning of the user).
After the functions are set, the Quality house is used to evaluate the tool according to the user expectations ( fig. 4 ). This is a systematic method for analysis, documenting and evaluation. The centralisation of data was performed with the aid of the Qualica software. At the end of the analysis, a set of functions help us to correctly design the educational tool.
Of course, other methods can also be used in order to build a hierarchy and to select the functions, such as Value Engineering.
The next phases all require as input this phase of determining the product functions.
Implementing solutions for satisfying the functions of the educational tool
To conceive the product, a number of phases are required: determining the solutions through creative methods, modelling and simulation, computations and tests, evaluations and optionally quick prototyping.
By applying the creative methods, more solutions can be found. Out of these the best one can be selected.
For instance, by applying the Osborn procedure, an analysis of educational tools can be performed creatively, functionally and constructively with respect to their exploitation and recycling. Osborn suggests that a wider spectrum of questions of type "what if?" is required to creatively solve the problem.
The modelling of the constructive solution is performed in creativity sessions and by using specialised design and drawing software, such as CATIA.
The design of the optimal solution is performed after functional, resistance and dimension calculations. Specific software such as Finite Element Method (FEA) can also be used. The functioning can either be verified by simulation or by quick prototyping.
Simulations of the manufacturing process from a recycling perspective are also gaining popularity, as environmental protection becomes a necessity.
What follows are the manufacturing itself, marketing and sale.
The next activity, exploitation, is a very important activity in the case of educational tools, as the entire educational process largely depends on their effectiveness. Management and maintenance systems are required to be put in place in the case of all these educational tools.
The last activity is recycling. It is not only meant to prevent pollution, but also recover some of the production costs by reusing the unused materials.
EDUCATIONAL MATERIAL SOLUTIONS FOR TECHNICAL DRAWING
The aforementioned methodology was applied for a number of types of needs. One of the requirements was to build educational tools to help the acquisition of technical drawing skills.
When drawing, there are a number of complex mental processes that occurs, such as: fixation of the piece in the visual field, measuring, decomposition, recomposition, grouping, analytical and spatial thinking, and ultimately knowledge transfer and a multidisciplinary approach.
With technical disciplines, the notions are usually grasped sequentially, without them being connected to one another. This often leads to issues in drawing the pieces.
Therefore, it is important to find constructive solutions to these confusions that have been noted to appear. In order to bridge the gaps between teacher and student, a number of methods have been devised that aid the comprehension of technical drawings, of how the pieces are measured and checked and of how the surfaces are being generated during mechanical manufacturing. Some examples of educational tools to be used in technical education are:
• transparent geometrical bodies with darkened edges and illuminated contour;
• representative modular pieces;
• projections equipment .
When a student beholds a geometrical body, it is not always clear what he or she has to draw. Therefore, a number of solutions have been devised to make the body easier to perceive.
The novelty in these educational sets is the fact that they are complex representative pieces with highlighted contours. They are manufactured out of Plexiglas and on each edge a circular channel is engraved, in which a rubber cord or metal string can be inserted. Another possibility is to have compact geometrical bodies ( fig. 5 ) in which the edges are highlighted using phosphorescent paint, phosphorescent cables or fibre optics. By looking at these bodies from different angles, the student can associate the lines in the technical drawing with these edges.
Another method coming to aid students to better visualise contour projections is by using an equipment made out of a webcam, a computer, a piece holder, the piece and a smartboard. By placing the piece accordingly, the view to be drawn appears on the screen. Using edge detection software, the students can even see the route that the pencil has to follow ( fig. 6 ).
The proposed educational tools:
• Do explain of the phenomena of projection, so as for the student to better perceive what has to be drawn and how;
• They are modern and attractive tools, such as the webcambased system. They can also be integrated with E-learning platform;
• Are modular and enable more pieces to be drawn;
• They allow for an efficient maintenance. Being modular, pieces can be changed, leaving the rest of the ensemble intact;
• Are easily stored;
• Can be built out of recyclable materials. 
CONCLUSIONS
Studies have allowed the detection of the causes that led to some problems of educational resources and pointed out that the most important issue is that the existing teaching equipment are not relevant and not correctly explains the phenomenon / process.
This leads to the need of finding new constructive solutions and new ways of implementing them. The paper presents an approach to designing educational tools by using the product lifecycle management methodology.
Two examples of teaching equipment for the explanation of the design methodology are presented. The shape and characteristics of this equipment were all obtained by following the aforementioned methodology. The solutions do correspond to the present user needs.
